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ANSWER FOUR (4) OUT OF EIGHT (8) QUESTIONS 
ALL QUESTIONS ARE OF EQUAL VALUE 


QUESTION 1 


Tandem mass spectrometry is increasingly replacing Edman sequencing as the method of 

choice for obtaining protein sequence information. 

a) Outline the steps involved in analysing a protein sample by tandem mass spectrometry, 
including information on sample preparation. Explain what is happening at each step. 


[10 Marks] 


b) Explain the advantages of tandem mass spectrometry over Edman sequencing as a 


method for obtaining sequence information from an unidentified protein. [5 Marks] 


ro) Discuss the importance of protein sequence databases for a researcher who is 


investigating an unidentified protein via tandem mass spectrometry. [5 Marks] 


QUESTION 2 
Study the figure below showing a multiple sequence alignment of human haemoglobin and 


myoglobin protein sequences. 


CLUSTAL 0(1.2.4) multiple sequence alignment 

MYG HUMAN -MGLSDGEWOLVLNVWGKVEADI PGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKAS 
HBD HUMAN MVHLTPEEKTAVNALWGKVNV--DAVGGEALGRLLVVY PWIORFFESFGDLSSPDAVMGN 
HBB HUMAN MVHLTPEEKSAVTALWGKVNV--DEVGGEALGRLLVVY PWIORFFESFGDLSTPDAVMGN 
HBE HUMAN MVHFTAEEKAAVTSLWSKMNV--EEAGGEALGRLLVVY PWIORFFDSFGNLSSPSAILGN 
HBG2 HUMAN MGHFTEEDKATITSLWGKVNV--EDAGGETLGRLLVVY PWIORFFDSFGNLSSASAIMGN 
HBG1 HUMAN MGHFTEEDKATITSLWGKVNV--EDAGGETLGRLLVVY PWIORFFDSFGNLSSASAIMGN 
HBAZ HUMAN -MSLTKTERTIIVSMWAKISTOADTIGTETLERLFLSHPOTKTYFPHFDL------— HPGS 
HBA HUMAN -MVLS PADKTNVKAAWGKVGAHAGEY GAEALERMFLSFPTTKTYFPHFDL------— SHGS 

oe . . KK: - * xk Rss J* * * * 
MYG HUMAN EDLKKHGATVLTALGGILKKKGHHEAE I KPLAOQSHATKHKI PVKYLEFISECITIOVLOSK 
HBD HUMAN PKVKAHGKKVLGAFS DGLAHLDNLKGTFSQLSELHCDKLHVDPENFRLLGNVLVCVLARN 
HBB HUMAN PKVKAHGKKVLGAFS DGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHH 
HBE HUMAN PKVKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHVDPENFKLLGNVMVIILATH 
HBG2_ HUMAN PKVKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIH 
HBG1 HUMAN PKVKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIH 
HBAZ HUMAN AQLRAHGSKVVAAVGDAVKS I DDIGGALSKLSELHAY I LRVDPVNFKLLSHCLLVTLAAR 
HBA HUMAN AQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAH 
xk J* . . . Rs x, oe Sates a ee * 

MYG HUMAN HPGDFGADAQGAMNKALELFRKDMASNYKELGFOG 

HBD HUMAN FGKEFT POMOAAY OKVVAGVANALAHKYH------ 

HBB HUMAN FGKEFTPPVQAAYOKVVAGVANALAHKYH------ 

HBE HUMAN FGKEFTPEVQAAWOKLVSAVAIALAHKYH------ 

HBG2 HUMAN FGKEFTPEVOQASWOKMVTGVASALSSRYH------ 

HBG1 HUMAN FGKEFTPEVOQASWOKMVTAVASALSSRYH--~---- 

HBAZ HUMAN FPADFTAERAHAAWDKFLSVVSSVLTEKYR------ 

HBA HUMAN LPAEFTPAVHASLDKFLASVSTVLTSKYR------ 


o* soe ek Soe xe 
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a) Identify examples of two (different) invariant amino acids; for each example describe the 
properties of the amino acid, listing the roles it may play in protein structure and function. 


[8 Marks] 


b) Identify examples of two conservative substitutions involving different amino acid groups; 
for each example describe the similarities between the amino acids described, explaining 


why this is a conservative substitution. [6 Marks ] 


c) When constructing a rooted phylogenetic tree which sequence from those above, would 


you designate as the outgroup, and why? [2 marks] 


d) Explain how a single genome can contain genes for several homologous proteins and the 


importance of this phenomenon for protein evolution. [4 marks] 


QUESTION 3 


a) Compare and contrast the secondary and tertiary structure of proteins. Discuss the 


principal driving forces determining the overall 3D folding of a polypeptide. [8 marks] 
b) Use the information presented in a) to explain the formation of amyloid fibrils. [4 marks] 


c) Computer programs are available that predict the secondary and tertiary structure of 
proteins whose 3D structure has not been solved. Describe the different approaches to 3D 


protein structure prediction and their rationale. [8 marks] 


QUESTION 4 


Write a short essay on an enzyme (excluding protein kinases) studied in this unit. Include 
information on the reaction catalysed, the Enzyme Commission group to which the enzyme 
belongs, the role of the enzyme in an organism of your choice, the catalytic strategies 


employed, as well as an account of relevant structure, function relationships. [20 marks] 


QUESTION 5 


Write a short essay on the auxin signal transduction pathway explaining how changes in the 
hormone concentration result in changes to gene expression. Include information on the roles 
played by transcriptional regulators and co-regulators, and the ubiquitin-proteasome system. 


[20 marks] 
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QUESTION 6 


Protein phosphorylation plays a key role in signal transduction. 


a) Write equations showing the reactions catalysed by protein kinases and protein 
phosphatases and explain why both types of enzyme are required. [6 Marks] 

b) Provide an example of an amino acid that is commonly phosphorylated. Explain how 
phosphorylation changes the properties of the amino acid side chain. [4 Marks] 

c) Describe an example of a protein kinase encountered in this unit; include information on 
factors regulating kinase activity, the substrate of your enzyme, the effect of protein 
phosphorylation on the substrate, information on other domains of your chosen protein. 
Comment on common features of signalling proteins that are illustrated by your example. 


[10 Marks] 


QUESTION 7 

Examine the figure below and use it to describe four different co/post-translational 
modifications that occur during collagen production. Use your general understanding of 
co/post-translational processes to provide a commentary on the importance of each of these 


steps and their effect on the properties of the final collagen matrix formed. [20 marks] 
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QUESTION 8 


In your practical class you extracted, purified and assayed cell wall invertase. You decide that 
it would be interesting to also study soluble/vacuolar invertases in sorghum. The table below 
summarises information on sorghum vacuolar invertase predicted from sequence information 


and vacuolar invertases of other plants 


Quaternary structure monomer 
Mass of one chain ~65 kDa 
Isoelectric point pH 5.8 
Glycosylation Yes 
Ku ~1-8 mM sucrose 
pH optimum pH 4.5-5.0 
Solubility Soluble protein 
Precipitates at 80% ammonium sulfate saturation 


a) Use this information to develop a protocol for the extraction and three-step partial 
purification of this enzyme from developing Sorghum grains. You have access to a 
centrifuge, buffers of varying pH, NaCl, (NH4)2SOq, ultrafiltration membranes in the 
following sizes: 10 K, 30K, 100K and spin columns packed with ConA agarose as well as 


cation and anion exchange spin columns. [16 marks] 


b) Explain how you would assay the enzyme [4 marks] 


Please remember - This examination paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been 
returned. 


